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REMARKS 

Following entry of the foregoing amendments, claims 108 to 119 will be pending in 
this patent application. Claims 108, 1 10, and 111 have been amended, herein. No claims have 
been canceled, and no new claims have been added. The claims have been amended to more 
clearly define the claimed invention and to correct typographical errors. No new matter has been 
added. 

Applicants respectfully request reconsideration of the rejections of record in view of 
the foregoing amendments and the following remarks. 

Claim Objections 

Claims 1 10 and 1 1 1 have been objected to for containing an inadvertent misspelling of 
the word "internucleoside." These claims have been amended to correct the typographical error, 
obviating the objection. Applicants accordingly, respectfully request withdrawal thereof. 

Alleged Anticipation 

Claims 108 to 119 were rejected under 35 U.S.C. § 102(e) as allegedly anticipated by 
published U.S. patent application number US 2005/0142535 ("the Damha application"). 
Applicants respectfully request reconsideration and withdrawal of the rejection because the 
Damha application fails to describe or suggest every limitation of the claims. 

Claim 108 recites methods of eliciting cleavage of a target RNA in a cell comprising 
contacting the cell with an oligomeric compound comprising a single-stranded oligonucleotide 
consisting of 12 to 30 linked nucleosides. The single-stranded oligonucleotide has a nucleobase 
sequence fully complementary to the nucleobase sequence of the target RNA, each nucleoside of 
the single-stranded oligonucleotide comprises a 2'-fluoro modification in the ribo configuration, 1 
and at least one internucleoside linkage of the single-stranded oligonucleotide is a 
phosphorothioate linkage. Claim 119 depends from claim 108. 

1 Claim 108 has been amended herein to recite that each nucleoside of the single-stranded oligonucleotide comprises 
a 2'-fluoro modification in the ribo configuration. Support for the amendment is found throughout the specification 
as originally filed, including, for example, paragraph 78. 
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The Damha application fails to describe or suggest every element of the claimed 
methods. The rejected claims recite methods using a single-stranded oligonucleotides wherein 
each nucleoside comprises a 2'-fluoro modification in the ribo configuration. The Damha 
application, on the other hand, describes oligonucleotides that have alternating segments of 
sugar-modified nucleosides and unmodified 2'-deoxynucleosides. 2 Further, the Damha 
application reports results of experiments in which the ability of various antisense 
oligonucleotides to elicit RNase FF degradation of target RNA was evaluated. 4 The antisense 
oligonucleotides tested in the experiments included oligonucleotides having alternating segments 
of various lengths of 2'-deoxyribothymidine nucleosides (DNA) and 2'-deoxy-2'-fluoro-D- 
arabinothymidine nucleosides (FANA) and also included oligonucleotides containing all 2'- 
deoxyribothymidine nucleosides or all 2'-deoxy-2'-fluoro-D-arabinothymidine nucleosides. 5 
None of those experiments included oligonucleotides in which every nucleoside comprises a 2'- 
fluoro modification in the ribo configuration. Indeed, since such a compound would not have 
been expected to support RNase H cleavage, there would have been no reason for such a 
compound to be included in this series of experiments designed to find RNase H dependent 
oligonucleotides. Thus, the Damha application fails to disclose the element of oligonucleotides 
wherein each nucleoside comprises a 2'-fluor modification in the ribo configuration. For at least 
that reason, the Damha application fails to anticipate the present claims. 

Further, the rejected claims recite that "at least one internucleoside linkage of the single- 
stranded oligonucleotide is a phosphorothioate linkage." The compounds in the Damha 
application all contained only phosphodiester linkages. 6 For at least that reason, the Damha 
application fails to anticipate the present claims. 

Moreover, the in vitro experiments described in the Damha application were not 
conducted in cells as recited in the rejected claims. Rather, the Damha application described 
mixing the oligonucleotides with complementary, labeled target oligoribonucleotides and then 

2 See, for example, paragraphs 14-42. 

3 E. coli RNase HI and human RNase HII. 

4 Examples 1-3. 

5 Table 1. 

6 Id. 
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heating and cooling the mixtures to allow formation of duplexes. 7 RNase H was then added to 
initiate a cleavage reaction and the reaction products were resolved by electrophoresis. 8 The 
Damha application reports that FANA/DNA chimeras induced target RNA cleavage by RNase H 
and cleavage efficiency increased as the size of the alternating segments increased. 9 Optimal 
activity was observed with an oligonucleotide that contained alternating trinucleotide segments 
of FANA and DNA, and the RNase H cleavage activity observed for this oligonucleotide was 
significantly better than the activity observed for the all-FANA oligonucleotide. 10 Significantly, 
these experiments were not conducted in a cell as recited in the present claims. For at least that 
reason, Damha fails to anticipate the present claims. 

To anticipate, a reference must disclose every element of the invention as claimed. The 
rejected claims recite oligonucleotides wherein each nucleoside comprises a 2'-fluoro 
modification in the ribo configuration. The Damha application fails to disclose such 
oligonucleotides wherein each nucleoside comprises a 2'-fluoro modification in the ribo 
configuration. The rejected claims recite oligonucleotides comprising at least one 
phosphorothioate internucleoside linkage. The Damha application fails to discloses such 
oligonucleotides comprising at least one phosphorothioate internucleoside linkage. The rejected 
claims recite methods of eliciting cleavage of a target RNA in a cell. The Damha application 
fails to disclose such methods of cleavage in a cell. For at least those reasons, the Damha 
application thus fails to describe or suggest the claimed methods. Accordingly, applicants 
respectfully request withdrawal of the rejection for alleged anticipation based on the application. 

Alleged Obviousness 

Claims 108 to 111 have been rejected under 35 U.S.C. § 103(a) as allegedly rendered 
obvious by U.S. patent number 6,133,246 ("the McKay patent"), Lima, et al, Biochem., 1997, 
36, 390-398 ("the Lima article"), Elbashir, et al, EMBO J., 2001, 20, 6877-6888 ("the Elbashir 



7 Example 1, paragraph 144. 

8 Id. 

9 Example 3 and Figure 2. 

10 Id. 
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article"), published U.S. patent application number 2007/0032446 ("the Cook application"), and 
the Damha application. Applicants respectfully request reconsideration and withdrawal of the 
rejection because the claimed methods would not have been obvious to those of ordinary skill in 
the art at the time of the invention. 

To establish prima facie obviousness, the Patent Office must demonstrate that the cited 
prior art reference or combination of references teaches or suggests all the limitations of the 
claims. 11 The Patent Office must also identify "a reason that would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
does." 12 In other words, the Office must identify "an apparent reason to combine the known 
elements in the fashion claimed by the patent at issue. To facilitate review, this analysis should 
be made explicit." 13 

As discussed above, the claims recite methods of eliciting cleavage of a target RNA in a 
cell that comprise contacting the cell with an oligomeric compound comprising a single-stranded 
oligonucleotide consisting of 12 to 30 linked nucleosides. The single-stranded oligonucleotide 
has a nucleobase sequence fully complementary to the nucleobase sequence of the target RNA, 
each nucleoside of the single-stranded oligonucleotide comprises a 2'-fluoro modification in the 
ribo configuration, and at least one internucleoside linkage of the single-stranded oligonucleotide 
is a phosphorothioate linkage. 

Such methods would not have been obvious to those of ordinary skill in the art at the time 
of applicants' invention. The McKay patent, the Lima article, the Cook application, and the 
Damha application all describe compounds and methods for RNase H dependent antisense. It 
was widely known at the time of the invention that a minimum of five consecutive DNA-like 
nucleosides are needed in an antisense oligonucleotide to elicit target cleavage by human RNase 
HI, and a minimum of four consecutive DNA-like nucleosides are needed to elicit target 



u InreRoyka, 490F.2d981, 180 U.S.P.Q. 580 (C.C.P.A. 1974); In re Wilson, 424 F.2d 1382, 1385, 165 U.S.P.Q. 
494, 496 (C.C.P.A. 1970). 

n KSRInt'lCo. v. Teleflex, 127 S.Ct. 1727, 1741. 

13 KSRInt'l. Co. v. Teleflex Inc., 127 S. Ct. 1727, 1741 (emphasis added)(citing In reKahn, 441, F.3d977, 988 
(Fed. Cir. 2006). 
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cleavage by E. coli RNase HI , 14 One skilled in the art designing an RNase H dependent 
antisense compound would have had no reason to try an oligonucleotide wherein each nucleoside 
comprises a 2'- fluoro modification, as such compounds lack the four or five consecutive DNA- 
like nucleoside segment necessary for RNase H cleavage and therefore would not have been 
expected to support RNase H cleavage. 

The Elbashir article describes double-stranded siRNA duplexes. Since the present claims 
recite methods using single-stranded compounds, one of skill in the art would not look to 
Elabashir for guidance. Moreover, the Elbashir article shows that complete substitution of one or 
both strands of an siRNA duplex with 2'-modified nucleosides abolished the RNAi activity of 
the duplexes. Thus, one of ordinary skill in the art would not have been motivated to use fully 
2 'modified oligonucleotides as part of an siRNA duplex when attempting to elicit RNAi activity, 
much less as a single-stranded compound as claimed. 

Those of ordinary skill in the art, when seeking to develop methods for eliciting cleavage 
of target RNA in cells, would have had no reason to make and use fully 2' modified single- 
stranded oligonucleotides as recited in the claimed methods. The cited art teaches away from 
such oligonucleotides for eliciting either RNase H cleavage or as part of a duplex to elicit siRNA 
activity. The claimed methods thus would not have been obvious to those of ordinary skill in 
the art at the time of the invention. 

The Office contends, however, that the claimed methods are obvious because those of 
ordinary skill in the art would have expected that incorporation of 2' modifications into 
oligonucleotides would provide higher affinity for a target gene, enhanced stability, and/or 
enhanced cleavage of target genes. 15 As discussed above, however, one would not have 
expected such compounds to have been suitable for RNase H applications (since they lack a 
DNA gap) or for siRNA applications (because single-stranded and fully 2 '-modified 
oligonucleotides were known to have little or no activity). Accordingly, in contrast to the 
Office's assertions, those of ordinary skill in the art would not have expected fully 2'-fluoro 



14 Wu, FL, et ah, J. Biol. Chem., 1999, 274, 28270-28272, attached as Appendix A. 

15 Office action dated February 6, 2008, page 7. 
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modified oligonucleotides to have been viable candidates for eliciting cleavage of a target RNA 
in a cell as presently claimed. The claimed methods thus would not have been obvious at that 
time, and applicants accordingly, respectfully, request withdrawal of the rejection. 

Conclusion 

Applicants believe that the foregoing constitutes a complete and full response to the 
official action of record. Accordingly, an early and favorable action is respectfully requested. 

Respectfully submitted, 



Date: May 6, 2008 /Jane E. Inglese/ 

Jane E. Inglese, Ph.D. 
Registration No. 48,444 

Woodcock Washburn LLP 
Cira Centre 

2929 Arch Street, 12th Floor 
Philadelphia, PA 19104-2891 
Telephone: (215)568-3100 
Facsimile: (215) 568-3439 
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We have characterized cloned His-tag human RNase 
HI. The activity of the enzyme exhibited a bell-shaped 
response to divalent cations and pH. The optimum con- 
ditions for ! atah sis consisted of i m» Mg* and pH 7-8. 
In the presence of Mg 2+ , Mn 2+ was inhibitory. Human 
RNase Hi shares mans enzyn e; i< ;n> , £ rties with Esch- 
erichia coli RNase HI. The human enzyme cleaves RNA 
in a DNA-RNA duplex resulting in products with 5'- 
phosphate and 3'-hydroxy termini, can cleave overhang- 
ing single strand RNA adjacent to a DNA-RNA duplex, 
and is unable to clear-? substrates in which either the 
RNA or DNA strand has 2' modifications at the cleavage 
site. Human RNase HI binds selectively to "A-form"-type 
duplexes with approximately 10-20-fold greater affinity 
than that observed for E. coli RNase Hi, The human 
enzyme displays a greater initial rate of clearage of a 
heteroduplex-containing RNA-phosphorothioate DNA 
than an RNA-DNA duplex. Unlike the E. coli enzyme, 
human RNase HI displays a strong positional prefer- 
ence for cleavage, i.e. it cleaves between 8 and 12 nucle- 
otides from the 5'-RNA-3'-DNA terminus of the duplex. 
Within the preferred cleavage site, the enzyme displays 
modest sequence preference with GU being a preferred 
dmucleotide. The enzyme is inhibited by single- strand 
phosphorothioate oligonucleotides and displays no evi- 
dence of processivity. The minimum RNA-DNA duplex 
length that supports cleavage is 6 base pahs, and the 
minimum RNA-DNA "gap size" that supports cleavage is 
5 base pairs. 
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Properties of Purified Human RNase HI— The effects of var- 
ious reaction conditions on the activity of human RNase Hi 
were evaluated (Fig. 1). The optimal pH for the enzyme in both 
Tris-HCI and phosphate buffers was 7.0-8.0. At pH values 
above pH 8.0, enzyme activity was reduced. However, this 
could be due to instability of the substrate or effects on the 
enzyme, or both. To evaluate the potential contribution of 
changes in ionic strength, to f he activities observed it different 
pH values, two buffers, NaH 2 P0 4 and Tris-HCI, were studied 
at pH 7.0 and gave the same enzyme activity even though the 
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Fig. 1. Effects of conditions on the human RNase HI activity. 5'-End-labelod UNA ;nul antisense oligonucleotides were preannealed and 
digested with RNase HI as described under "Kxperimontal Procedures." The final substrate concentration was 20 nM for RNA and 40 DM for 
antisense oligonucleotide. The activity was measured as either initial rate or percent cleavage. A, pi I dependence of RNase H activity. The 
substrate was annealed in phosphate or Tris buffer at different pi I values and subjected to RNase II digest ion In the presence of 10 mM Mg 2+ . B, 
effect of ionic strength on RNase H activity. C, effect of the sulfhydryl-blocking agent, A r -ethvlmaloimide, on RNase II activity. The substrate was 
prepared in the same buffer as above without /3-niercaptoet ha no I. /), temperature sensit ivity and heat stability of t he human RNase HI. Enzyme 
digestion was carried out under different temperatures. Alternatively, the enzyme was boiled for 5 min in buffer containing 50 mM Tris (pH 7.5), 
50 mM NaCI, f mM EDTA, 20 mM dithiolhreitol, and 50% glycerol, then either slowly cooled down to room temporal ure (RT) or rapidly moved into 
ice bath. E, effect of Mg 2 " on RNase H activity. The substrate was prepared in the same buffer as above with a different concentration of Mr 2 
and subject to RNase H digestion. F, effect of Mn 2+ on RNase Hf activity. The substrate was digested in the buffer containing f mM Mg 2 * and 
different concentrations of Mn 2+ . 
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formally equivalent to t A ,, for 1 j j> 1 subsiraieea ) 
the noncleavable substrates studied, Lmeweaver-Burk analy- 
ses demonstrated that all inhibitors shown in Table 3V were 
competitive (da; 1 \dxs s containing a phosphodi- 

be ter 2'- 



ssDNA, P-S 



36 



o.S 



methoxy p»gi 1 1 1 1 1 I t < < < 

sidered'most like DNA- RNA. Table IV shows the results of 
t.iaaa: etreii-a a ad ■.■■•.■iripare.; them U. previor.siy rep(.rt«:d results 
it/ ii 1 i 1 ! 1 < it < i 

21). Clearly, the affinity of the human enzyme for its DNA- 
RNA like substrate ( DNA- 2 '-mei.hoxy) was substantially 
greater than that of the E. vnli enzyme, consistent with the 
differences observed in K„, (Table III). 

r. 1 1 -1 ,, i fin t t,i 

Ja At it 1 i ^ \ 1 j \ ii U - 

! Table lV;. The lean ... enzyme displays similar bur in. a pi op- 

t 1 1 1 liit 111 jiv- h 

plexes. For example, the K d for RNA-RNA was approximately 
1 ilr' )NA I xv } furtb.ei 

demonstrated by the K ri for the RNA-2'-fluoro duplex. The K d 
for the DNA-2'-fiuoro duplex wj , 7- v .- tor than for the 
RNA-2' -fluoro duplex and the RNA-RNA duplex but clearly 
lower than for other duplexes. Thus, both enzymes can be 
considered double strand RNA-binding proteins. However, hu- 
man RNase HI is somewhat less specific for duplexes as com- 
pared with single strand oligonucleotides than the E coli en- 
zyme. T ie enzyme bom c t 
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UGGUGOGCGCCGUCGGUGUGGGCAA 



5 base gapmef 



!":(:. Denntarinsr poKaervbirfiide gel «»«h-sis of hun 
RNase HI cleavage of 17-mer ENA-DNA gap-mer duplex. A 

sense obeoaarioolaies 11 :■!'•■ I i.v a riii i/,od a it I. .'">'-. -i e l-i a ■>!■!; i ...-ns.- b 

I 1 I !) f 1 I l( 1 \j i i 1 1Y... I lil !.-.-. " I .!,!,. I I i 

RNase HI for 3(1 and 60 min at 37 "O. A base hydrolysis RNA l« 

« •.- |" i I .*<l..*mV.I I x , , , - edutB8.'Th. E 

bidder vviis seqir.-MC.-d aba RNases T I . < M and Al (data not show 
For each substrate, the RNA semieuoes (5 —3 > are shown abov< 
DNA sequence. Raxed seqm'tuw imib ate iUi- positi»it off he 2'-mrtii> 
modified residues. Tim iirnum indicate I bo siics of tlx- enzyme di, 
, a, .lib, m/ ..III.. .», ,„< ,,11 II r a ,,,,<,,„) 



fold < ^ i ;> I ! 

enzyme bound to Singh *j i ■ T > , * Jd let. tlnu 

to an RNA- RNA dupl y ( IY1 - ! * i 

strand ph. < ;p i i ! f oi both en- 

zymes was significant it' to i affinity ] 1 . t i 
substrate and ituaui for the '\i!i:\a of the aiM! . by 
me ml i 1 i i 1 k-nsarkablj J 

RNase HI displayed the highest affinity for a single strand 
jili }>bo i „ d vv] 1 d [ 1 n e i 

able substrate y I ihi I enzyme, and 

excess phospherothioate aatisense drug' in cells might be 
highly inhibitory. 

Sit (IS P - — 

ol- ;r, l< li! ' l"l [ , KNA a; . ' ah it - I'bi-ijilul olh.o vl . 

ohgodi oxynuel tid rni the patter! ' a ev< ra! gap-rners. In 
the parent duplex, RNA cleavage occurred at a single major site 
with minor cleavage noted at several sites 3' to this major 
cleavage site that was 3 nucleotides from 5' terminus of the 
i'NA \ ' [ j - 'c o oii'cf . (!" T.ir,c 

otide. Cleavage of several gap-roers occurred more slowly, and 
the major cleavage site was at a different position from that of 
the parent duplex. Furthermore, in contrast to the observations 
we have made for E. coli RNase HI (18), the major cleavage site 
in gap-mers treated with human RNase HI did not occur at the 
nucleotide ipposed to tl 



h«;t xi RNase J • <4 ,i 25-iHer Has 

RNA hybrid i d i wnucl o tides oi 

different lengths. Aaiisee.se abeonncicalibcs wiii, different lengths 

Iron; ':\ :..! i'iaeer eaaa hvbndizcd v, lib. •a--.. l <|a ; ,be;ea Zfeim-r sense 
iia-Ras RNA as described under -'Kxperie,. alel Procedures," then di- 
gested with RNase HI at 37 "0 for a time course of 0. 2, 5, and 10 min 



;s were indicated by the solid 
ou's indicate the sites of the 
s reflect the relative cleavage 



••!,< hrare, aad aalisease i IN \ seqnel 
line below I be UNA srni.anv. The o 
aan.i, digestion, and t In- size of am 
intensities. 



5tho: 



•tide 



i the 



i - 1 tlu i ;orh ■ 



of 



To further evaluate the site and sequence specificities of 
]ii s e <- i i i lown m Fig i 

Fig. 4 was studied. In Fig. 3, the sequence of the RNA is 
displayed below the sequencing £ i t i id posi- 

tion of tile lilt' phosphociiester J . u a] 
otide is indicated by the solid line below the RNA sequence. 
This figure demonstrates several i it i properties of the 

zym r sf 1 1 i ' insistently ol 

served S-9 nucleotides from the 5'-RNA-3'-DNA terminus of 
the duplex irrespective of whether there were 5' or 3'-RNA 
single strand, overhangs. Second, the enzyme, like E. coli 
RNase HI (20, 21), was capable of cleaving single strand re- 
gions of RNA adjacent to the 3' terminus of an RNA-DNA 
duplex. Third, the minimum duplex length that supported any 
cleavage was ^; , 1 ... i h \ _e protection 

assays were used to confirm that under conditions of the assay , 
the shorter duplexes were fully hybridized, so the differences 
observed were not due to the failure to hybridize. To assure 
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rate. Fifth, the preferred cleavage sit 
dinudeotide. 

The site and ' -> h .k 

Fig. 4. That the enzyme displays little 

d( IU< ll J I 1 I 1 c 

dupjexe \ C, \ndD hi dl ease ; tin y 
v ., .-; i I - i 



, of tin 



equ« 



'■ DNA re 
e of cleai 



urge. In a 



sen ■ ' ' i 1 ting thai this substrate 

might support binding of more than one enzyme molecule/ 
substrate, but i le 5'-RNA-3'- 



■OCS&WJftGUvA " " 

Fig. 4. Analysis of human RNase HI cleavage of RNA-DNA 
duplexes vutsi , > > h, and 3 or 5' over- 

hang kuli i I i i I i i i ci i i 

were i ; .i.r.,i|v. ,| ..;,!. (heir complementary rramd-kheled RNA as" de- 
scribed under "flxneriinenia! Procedure," „„»| thru digested with 
UN..*.! Mi at ",7 X- for 0, 2, 5, or 10 mi., as. shown on the gel (left to 
right) tor .-a< h substrain (A in 6*). Substrate A (25-mer), B (25-roer), £ 
i 17-nierr i i 7- n»-r,i, (." (A/oner) sooneiiros are (rem the Harvey-RAS 

oncogene (,51), subs 1 , ml o t ' 1 ii ) is from heoatitis C t in is (2d >, awl 

substrate I) (20-mer) is from prekin kinase C f (28). The SNA ladder 
was prepared and sequenced as inscribed in the legend for Kig. 2. For 

each snb.-.jraie, ih< UNA se<j (5' • 3') an shown in the figure, 

and ant isense DNA sentiences were !epre.scn!cd by die mhel litif below 
Hi- RNA :.e-r|iience. The wvoirs in;il<a!e the major siies and rotative 
intensities »f iiie en. '.villi- digestion. 



that the 6-nudi otidc durd-xn.i !•:[)>, hvl ndi.'-d, the reactions 
were carried out at a 50:1 DNA-RNA ratio (data not shown). 
Fourth, the figure shows that for duplexes smaller than the 



A. > GGGCGCCGUCGGUGUGG 



G 



ccotfcyJui 



GtJGG "*P-C 



GGGCGCCGt 



GUGG 



digestion with RNase II! was performed ai 37 °C for 0, 2, 6, 10, or 20 

1 iitu , \ i i I I i I i i. ■ ,i ,i ih, mis 

with 1 aliquot subjected to farther depie >s| dior-vi ;ii U,n with CUP. The >• 
indicate:- tl position <,t ll ' label. 5'- and :f i n I ii 1 t n lit -a 
treated with human RNase II 1 are shown in fx/note A and if, respec- 
tively, 'i'lie ."'-end da lie 1 1 d hvbrid and degrade t ion products treated will) 
('.IP after digestion Willi RNase 111 ,- slabbed slower migration on the 
polvnrrvlamide go! dec to the !o;,s of the ■> ' nhospiial o (reaction C) on 
the cleavage products. fhmovcr, as the intact dap" • bad bad its ter- 
minal 1 'bosphate removed bv the |>rpviou.~ (.IP s real taenl {panel ('), its 



was located at a GU 

re further explored in 
sequence preference is 
id sites of cleavage for 
eferredsite of cleavage 
('-DNA terminus of the 
parison of the cleavage 
it cleavage occurred at 
there were RNA over- 
re of duplex F demon- 



ally, 01 



ed t< 



a GU dinudeotide was. located 8-12 nucleotides from the 5'- 
RNA-3'-DNA terminus of the duplex. 

To address both the mechanism of cleavage and processivity, 

til i 1 ll I t ill! 

pared (Tig 5) < a 1 1 M^t it it! or u d 

Jit , 1 1 n i a 1 1 B K I 1 ill 

mobility of il i . 

RNase HI generates cleavage products with 5 '-phosphates 
Thus, it is similar to E. coii RNase HI in this regard (20). A 
second inn-is-, 1 i r t ! t mu if [ -Plevti- 

r tot . rrr r^} RNA ca d ift in t osition of 
the pref L\ b or d "ho to ir cle a i ,c 

sites in the center of the duplex observed with a S'-phosphaie- 
labeled RNA were observed in 3'-[ 32 P]eytidme~iabeied sub- 
strates. However, the main cleavage site shifted from, base pair 
8 to base pair 12. interestingly, the sequence at both sites was 
GU. Thus, it is conceivable that the enzyme selects a position 
8-12 nucleotide from the 5 '-RNA - 
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cleaves at a preferred dinucleotide such as GU. Third, this 
figure corijic" tins shown in 

Pigs. 3 and 4 demonstrates t i this enzyme displays i i u i 
processivity in either the 5' or 3' direction. In no time-course 
experiment it n c ! e i 1 n 

that would be consistent with processivity. The possibility that 
- was di,e to 

processivity in th 3' too' Urectiou it • xeluded by the results in 

i i 1 ^ i. 
we have previously reported tor &'. coif RNase H.I (18). 



DISC! SSiOX 



Gereerai Proper 



,d t; 



i His- 



tarred a i i > I i ity of th 

in its native stale might be greater than we iiave observed. 
^ \ \ ^ i n. »Oj 1 i a 1 oh 

likely to reflect the basic properties of the native enzyme. 

N ItUOl > 1 t t i 1 1 ] [{1 t ] 

with prutein h I i , i I i i L i i 

catalytic pi opt i ' j i j i 

(39, 40), 3 since it is very small (few amino acids), and its pK is 
near neutral. As shown m this and oar previous (16) studies, 
this His-tag fusion protein did behave like other RNase H 
proteins (6, 7). It cleaved specifically the SNA strand in ENA- 
DNA. duplexes, resulted in cleavage products with 5'-pb.os- 
phate termini (Fig. 5), and was affected by divalent cations 
(Pig. 1). Optima! conditions for human RNase Hi were similar 
but not identical to E. <:<iii RNase Hi. For the human enzyme, 
the Mg 2+ optimum was 1 ml, and 5 mM Mg z was inhibitory. 
In the presence of Mg 2+ , both enzymes were inhibited by Mn !+ , 
The human enzyme wa inhibit.-; I a N-.iE b:i a. umd< mid 
was quite stable, eat lv id i i form multimeric 
structures (Fig. 1). The ease of handling, denaturation, refold- 
ing, and stahilitv in v u i. .u nbumn as a ; t bat the human 
RNase HI was active as a monomer and has a relatively stable 
preferred conformation. 

Studies on the structure arid enzymatic activities of a num- 
ber of mutants of E. coh RNase HI have recently led to a 
hypothecs h ( \ I i I fit j t r , termed an 

activation/attenuation model (41b The effects of divalent cat- 
ur adua id . Hi j i a. a • a ' "»*! 

the suggested activation/attenuation model. TLe i i acids 
proposed to la no, ha i la i hi • itioii bind; as it. a -oa 
served in human RNase HI : 16'. 



-Th 



aiaii EN a. 



> ENa 



HI differ 
either en 



mb- 



dispiays significant sequence specificity (Eef. 18 and Figs. 2-5 ' 
the hut.) i i i j h . fi ^ _ 

, \ how Hi * human EN a • bi i an t * h I 3-12 

n nl o lh > ft i ^ V V j ) v \ 

ENA duplex irrespective of whether there were 5' or 3"-ENAor 
DNA overha ocess by wba on is seha 



nd mth in Gi. ,rfi i - 

preferred sequence. In Fig. 3, for example, all the duple: 



opti 



lal. i 



i for 



-RNA-5'-DNA tei 



lite was GU. 
a second GU was also 
: third site in duplexes A 
e 7 base pairs from the 
data suggest that the 



enzyme displays strong positional preference- and, within the 
appropriate site, slight preference for GU dinucleotides. 
The strong p j t 1 I i i i G a 

i • • • ' . t " i fi t ' n iir the duplex via 
thc5'-RNA-3 )\A- ii j, 1 i - t -v t >?,HVit7f cleav 

ig< pattern observed for the enzyme is compatible with its 
proposed i , ; a.' role, namely, the removal of ENA primers 
during DNA replication o; the lagging brand. The average 
length of the RNA primer ranges from 7 to 14 nucleotides (42). 

t 1 n In 

merle sequences consist big of j ribonucleotides i the 5' 
t a i i i tcia , ot l)M\ i n n 

it I j t t I n i >' \ i t 

HI (£.& S--12r> nin n, nt n , n m it tn of the RNA ' would 

i 1 * i t j i i v K \f i 

HI would occur at or near the BNA-DNA junction The removal 
of residual ribonucleotides following RNase H digestion has 
been shown to be performed by the endonndease FEN I (43). 

cleaved preferentially < (1 dinucleotide was absent, 

i : ill 1 i i it < For duplex G, 

fioth a Gil QG inuiheotidc w. re present within the 

preferred site, and in this case the GG dinucleotide was cleaved 
slightly more extensively than the GU dinucleotide. Clearly, 
additional duplexes of different, sequences must be studied 
before definitive conclusions concerning the roles of various 
sequence r VvPh i a ji I i i ' i v.u 

In Fig. 5, the 3' terminus of the RNA was labeled with 
[' !2 P]cytidine. In this case the same four nucleotides were 
cleaved as when the E^n 1 is 5 ' -ha D — 3 , panels B and 
C). However, the GU closer to the 3' terminus of the RNA was 
cleaved at least as rapidly as the S'-GU. Interestingly in stud- 
ies on the par i I n i i j u the cleavage 
pattern were also observed when 5'dabeled substrates were 



ed a. 



e ha- 



ri for 



t the 



pi ' -a U" i f I t - 

if d 'fi i i i i t i c m ii t e!< 

preferred positions for cleavage. 

i iii ;NA an d tumeric ohg 

nucleotide with an oiigodeoxynacleotide center flanked by 2 



; ENa 



dir 



dA-h • 



ENa: 



- HI 



tally 



1 at the 



appoi 



cleotide in the wing of antisense oligonucleotide at the 3'~end of 
t " i i imi i i i pit i r titi lib 

cleaved at site more it g mil the gap was 

reduced to a nucleotides. Furthermore, the minimum gap size 



icleo 



ofE. 



• ENa. 



iiherer 



! lavi t hi . , t, mctm ft! izyai 

and their interactions with substrate that will require addi- 
tional study. 

We have'reported that although E. coli RNase HI degrades 
the heteroohiplex substrate in a predominantly di tributive 
isplays modest 5'-3' processivity. In con- 



a EN 



sugges 



rb 1 



rolyzes the s 



observed with the human RN 
significantly tighter binding a 
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ing the ability of the enzyme to move on the substrate. Alter- 
natively, human RNase HI appears to fix its position on the 
substrate with respect to the 5'-RNA-3'-DNA terminus, and 
this strong positional preference may preclude cleavage of the 
substratt in a proc ssh manner I • • , 

facts that the e e hoi] ! eid endonucle- 

th 1" I'-s ] i i ] 1 i 1 i 

5) and both can cleave single strand 3'-RNA overhangs (Fig. 5 
and Ref. 20), these enzyn ispla bstantial d {Terences. 



; be 



5 RNA 



the primary binding region of the enzyme is positioned 
id nucleotides 5' to the catalytic center '13;. This results 
eavage sites being restricted, from the 5'-RNA-3'-DNA end 

iuplexandcl i i - ecu ig at the 3'-RNA-5'-DNA 
of the duplex and i 3' i i strand overhangs. The i 

ei.C; a : - ■„ h o ■- ►miuA', . a it . 1 n ■ v 'Am . v ».•..;,.•!■ i. 

hninan - Hi PA U i ■ i - tit- -,::in 'a;, tic: d ; i ~ei aai- 



RNA 



■JA duj 



aces have been sho 



t th( 



mtm 



r chai 



1 A \ I < 1 I ] 

RNA, the resulting duplex is A form, and this is manifested in 

ik i ■ 1 i i \ > i < i ! I t I 
forming properties most like RNA, whereas 2'-methoxy oligo- 
nucleotid<?» i i i i i it t j 

DNA-RNA and RNA-RNA duplexes (20). 

The results shown in Table IV demonstrate that like the E. 
coli enzyme, human RNase HI is a double strand RNA-binding 
protein. M< r < i it th pi r. <-r.i- ,,bJi«v {•• discriminate be- 
tween various A-form duplexes (Table IV). The observation 
that the K d for an RNA-2'-F duplex is equal to that for an 
RNA-RNA duplex suggests that 2'-hydroxy group is not re- 
quired for binding to tbe enzyme. Nt-verthA.ess, we cannot 
exclude the possibility that bulkier 2' modifications, e.g. 2'- 



fbe 



on may be correct (42). Ho^ 
suggest that the enzyme i 



i phospii 



ed, c 



humar erizyi r j t I j i nt v "or j 

oligonucleotides than the. E. cnii enzyme, and this is reflected m 
a lower K m for cleavable substrates (Tables III and IV). In 
^ d i i ight i i - 1 for human 

RNase Hi maybe respoio AA fo ; ;g. pA-jbLi lower V m „ when 



iii J i I i i i i i t i it il u g n 

i i 1 no li at t it l • nl: HI i 1 } t i lllil ■'. th 

j t j.mari RNase 1 displays ft v-form ch 

plexes suggests that binding of the enzyme would be enhanced 

y a.pprot r ] An eavage rates ai 

kn j n i i x i i ptimai nodified 

gap-mers may be challenging. 

Clearly, if tn i u u I r i \; preferences observed 

for oligonu It i i RNA j>pt les bound to 

DNA-hke an'i ,. n,. drnp -, 1 tie implications would be substan- 
tial. For example, the placement of DNA gaps centered around 
a GU dinucleotide would be of value. Furthermore, since the 
positional preference of the enzyme was evident even when 
there were 5'- and 3' -RNA overhangs, positioning DNA gaps 
8-12 nucleotides from the 5'-RNA-3'-DNA terminus of the 
duplex uid ^r j„ : 0 ! '> in I area could be beneficial. 
Also, locating antisense drugs at the 5'-end of an RNA should 
be of value. However, it is clear that many DNA-like antisense 

ii A \ i i i i i li u 

of the RNA and still result in loss of RNA, presumably via 
RNase H-rnediated cleavage (50). Thus, much more work is 
required before conclusions can be drawn and the information 
call be used ti iti i ig 
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